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EPITAXIAL CftOWTll OF SILICONON CoSi2(OOl)/Si(OOl)

Q F. Xiao”t, J. R. Jimcncatt, L. J, Sc!~ovv~ltcrf~,L. Luo””,T, E, Mitchell”*
●nd W, M. Gibson”

“Dcpartmcot of Physics, State Uni~creily of NCW Yo:kd Albany, Albany,NY 12222
tcetlter fer ~tltegrc~cd &[cc~rOnjc8, Rc~~~~lur Pojytcchl)ic lnstjtut~, I’toY, NY 12180

: Dcpaltlncnt of physics, !hmssc]mr Po!ytcchnie Institute, Troy, NY 12160
““Cctiter for N4atcriab Scicncc, LoeAknos NationaI Laboratory, NM 87545

Abstrect

Epitaxial SI Imycrt have km grown uIIdcr s vatlc~y or growth conditions on
CoSi; (OOl)by mo!ccular beam cpitAxy (M!E), The struclurd propcrtia o! the Si ovcr-
g~ewtlt were studied by in.sifti ItcfWion Iligh Energy IHcctron Diffraction (RHEED),
m WCI!●s e~.?du McV ‘/f.+ ion channeling and iliSh Resolution Tr~smbeion Eke.

tron Microscopy (SIR’1’CM), Strong hdiucncu of the CoS!t turfaeo reconstruction on

the $i overgrowth have km obscrvod. fUlllEl) ctudiw thow Mandirrs growth of S1
OIAtl!e CvSiSIOOl ) (3fi x W)ltl$ rocmstructcd mrface, but omootb grov ‘h of Si on
the CoSia(OOl ) (W x fi)l14s ccconat:uctcxl ~u(fucc, unrfcr the name gtowt;. conditions
I’he growth of S1on tllln kycrs of COSII (2nm.6nnl) with (W x fi)lU5 recon.tructcd
~urface St 4G0’C IUIJIS in h!gh crystalline q{mlity for the Si top la~cr, ts indicated by

good chrmucling minimum yield (..y-Im < 6%), but cross.sectional ‘J’EM ,howc that thu
COS12l~ycrs are di~cmrtinuous. WC *ISO repot t prcl}mlrmry rcsulu on S1grown on a 2 x 2
rocons!ruclcd C-OS! I(OO1)surfwc.

Int~oduction

Ilurkd epitmrird recta! dlickie Iaycrs In Si hnva sttr~clod great cttc;ition bccauee
of their potc]l~ial qrplicttivn In hig!t .pcod dc\*iucs like Ihc metal btm trarmhtor and the

permeable baae trarroistor, and RICOM buried cpitaxia! mctsdIayera in three dimerwloncl
il~!.cglatcd circuits, l’ha •dv~ntagcc of COSI1 Are ttaexccflcnt eonductivlty, it- flourik
cryrtd ctructure (whkh 10sirrtllar to the dismond structu!e of Si), and Its mall l~ttja
nti<lnatch wl!b S1 (1.25 ●t room tompcra!urc), which Incrcasa the powibillty of growing
h)gh qu~llty Iwterocpltaxia] S1/C4i1/Si ~tructurvs, Despite grcxt ouccac In fabdcating
hi~h qllnlity COS13and Si/C@ mult;laycro on S1(111) 11.4], a mctd baso t~andetor hu

been dificult to dcvalop I’hlo may be duo to the ~bscnce of ~l~tcc in the o]lic)de w]th

tho ccrtect trans~crfic momentum (near the Si conduction band mlnlmum) for cktron
Injcxiion slong the (I 11) dircctlorl ($], SULII siatcsdo cxiat )n the .Ilicide for electrons

Injoclion Alorg (001) dilslion 13),co thntthegrowth 01 cpltsxial S1/CoSia/Si(OOl) strut.

turcs would bavc greater tcchrrologlcal Importmme, Monocrysta!llne CoSit(OOl j has been
aucccssfully grown on Si(OOl) !n rcccnt ycm [6,7),which rrmkct the ctuciics of Si growth
on CoSij(OOl)/6i(OOl) po\8iblc,

Sample gruwtll



Prcmurw dtmitlg growth were in the middle of the 10-te rnbar rtirIgc, Insicle the hlBE
ays(cm, d~c wefcr~ were hcLicd to high ~cnlpcla!ure (7500C - 8200C) for 15 minutw in
order to rcl:~ovo the protect; vc oxide film, l“hls Pnncrding tcmparature was dctcrmiucd

by ob!ailling a tIhorp IUIEEL) 2 x f reconstructed streak pattern. RI!LED, w!th 14 keV

c~cctrom, was used al every ttaga of dcposi[ion tv mwiitor the curface. The cobalt and

tilicon WCrCCVPpordcd from two mparatc ‘1’cmcscrd electron.beam ev4poratore. EvAp.
o:ation r~tu were scprua[cly iiwd torcd by electron.impact emhsion spectroscopy and
f(.cdback colltrol!ccl to withhr 5% by SI lt:ficon Scnti]lcl IJl dcpos!tlon control!cr, The
ca!il~ration of the evaporation rake WMdone by MIS. ‘l’he temperature WM mraeurcd
by a t!~crmocolll~lo md califmtcd by an optical pyrometer,

Results and Discussion

llpit~xial CCS{3 lrtycrt of diffct cnt t)]ic~uo~ were grow udIJg the direct code=
positkn (7], tll? tcni~!latc I (6,7], ●nd what we cnll the template 11,mctl~o& For tho

di:cct codcpmition rncthoci, the cpitcxin! CoSi2 was grown St 5500C, at a Co:Si ratio of

1‘1,8, The deposition rala for (k mud S1 were 0.021nm/I ●nd 0.t)7nm/s, rcspcdivcly,
l’iIc CoSit lo this CRCedltplnyed a (W x fi)li?4$ reconstructed RIICED pattern. l’he
tanplate 1growth of Co$ia involved dcpoei(illg ● lnitin! 02:lm of Co, then cmfcpociting
@?I!III Ce RIIrl 072111nSi, all drown tcu~l)crnturc, fo!lowcd by annealing at 400’C to form
a 1.4111rICoSil l~ycri WIcpodting Co and Si in 12 ratio ht 4$0’C wat used to thlckcn
the (f;ll)i)l~te10 the dcsllcd CoSil tilickrm WC M%c only observed tk (3fi x ~)JZf5

rccotls[ructcd fUIEIH.) pallcrns fur Cdit gwvn by the Wrtpfatc I mctbod, ●]!houfh
}’filisova CI d, [8] rcportrx! obscl villg both the (W x /?)lM5 aud WC (3fl x ti)l145

rccorislructcd CoSit surf~ccs with thh growth prococlure. RJJS cllannclh]~ nlcnsuremetlta

011~hc COS12IAycra grown by both IIIC dir~! codcpwitlcm and template I mcthch tlIow
good ci}itrutial quality (x~,n < S%), lhh IS *ISO conftrrncd by the #harp I/llEED pab
tcrne for both ~rowth p:ocefJurcs. A seco~d tclnidhte technique (tcmplatt 11) for growth
of CoSil wru uacd which Iuvolvcd scquc),tird room Iclnpcrature dcposlt!on of 0,2Gnm Co
nnd O 7nm Si, [olfowcd by monco]ing rtk 4GTC 10 form O 9nm CoSilt I’ho COSII hyct
grown by t]lotmtlptate [f method dl~p!nyt a 2 a 2 recontitructad RIIEED pattern,

~’he ~Ds dmrrnc]ing ~tudi~ of $ ovcrgrewth on Cosit iajnrs of di~crcrrt thickness
and al Ctiflctcllt hflpur~~w’

b
, ara chow in Figure 1 A deposition rate of O. O!hm/’c WM

~ltcd for ●ll $i overgrowth tcportcd in t!I;o popcr. R149 ~t,ow~ that @ difiu~c~ to the
SNIfM~ wlmn Si 1. dcpotitcd at !W)4C, Iloom tcmperat Jtc rfrpooit]on of n th; n S buffer

lnjcr (It In and 2nm) bcfrmc further Si urowth ●t &50’C dom not OInp the dithion of
Co ‘i’hc ctysldlific qlmlity d the Si top Iaycr, indlc~tcd by chaI\nQling minimum yield,
i~l}p’ov~ ●t !lig~lcrSlowlh t(ni)pcraturcst Figure I alto shout the d[umtk irllprovemcnt
of Si cryslal!inc qunllty for S1 grown on tltil’llcr CoSil Iajcro. A growth tcmpcratur~ of
4G0’C’ *M IISd fo~ S ovctgrowlh w Co$ij with di~crcut t~rface ruconatructiont, l’he
rosI.Jll#arc aullll!!iwizcdin Ts!)!r j,

lllr!rg Si giowt!i on the (3fl x fl)l?t5 rccnrwtructcd turlwe, fllI12L1.) ~bscr-
vr,tioltt S!IOWthal lsl~ndiug takct p!sc. Imncdiatc!y after tbc Btnrt of S! dcpos!tkm, snd
COIIIltIJMt ti~roughout IIIQ S{ ovcrgrov:tll. l’llit It ghown In Flgurc 2, I%dirg of the
ctclulown $i !aycr at bc SCCII in the lt!ICCll pattctn (Figure 2(b)), I’ho cryst~lline

q( Slify Of the CoSiy snd the top SI l~}cr Is very poor, QCindicttcd by tt,c very high chsn.

rrllvg IT1’ril)l{llu yields for both Si BIIA Co Jn cu’llr,vt {o the fhcctcd growth of Si on

the Cr.dji2 (3fi K /?)RIs :ccollstruttcd tu, fare, $i gro~tft on tho CoSil (W X fi)f?f5
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J{RT&Mw~ Wd tc dudy ~LWn S1 filme grown on 6nm and 2nm CoSia
layers with the (W x fl)lZ16 receu~tructcd surf~ce. TEM shows that tk CoSi lsyer.

are not con!imrouo in bo~!t samples (Figllm 4). !ncrcucd CoSia COVCIW cnd gdn size
were obsc;vd fot the samptc with tJIo thicker CoS~ Iaycr. The epltaxial 51 Iaycr on
611mCoSil contwint s bighcr dcusity of micrutwfns md stackingfdtt IMU th~ COSII
hycr, Me ten!lmcy of CoSit to kt aloIIg (111) planet it AISO obscrd, •g~in Indi=
c~:ing the mlalivcly ICW Si( I I 1)/CeSia(I 11) Intorfacc cImgy. The owr~~l quality of the
Si(lll)/CoSi~(l 11) and Sl(Wl)/CoSi2(OOl) intorfsca is pd.

~ig~wa 4. A cross~cr~llonal high.rcooluliotl lEM hnAgo of la run S1 grown on ● 6 m
CoSil(OOl ) Inycr, Imgcd slung k [001) dktiun.

Figme 5 chows RDS channeling s~lra of 40nm of S1 grown on s Ohm
2 x 2 SIIIISCQ rcconltructcd CoSit Iiaycr grown by the lernpt~tc 11 mcthori. Itohow high
cr~s!dlinc quality fur both the Si top Iaycr ind tha buried CaSla layer. 1 hc RtlEED
ahscrvnl brat SIIOWQtha maoth grow!h of Si on this 2 x 2 curfsm rccmlttructed CoSit
Iqv:r. ‘J’IIU dieordcrlng O( CoSit Iayora, obscrvod tier S1 growth on the prQViWJB two

typa of rrw.onotructcd CoSlt turfacrm,WM not oburvcd for S1growth on the 2 x 2 surface
rccnustructcd Co!jlt Inym, TIICIO ramttt indkdc ● prolultlng method of obtalnlnc high
ql:dity cpitsxtd atructurm of Si/Wl~/Si(OOl), by dupodting Si orI ● 2 x 2 curfme

reconctruclcd CoSia lt~cr,

Summary
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I’lgure 3. Rm]wu and chaItI!cI!tgap:cira of lhr Si grown on Ohm COW ($TOWUbY

template !1) wi(h ● 2x2 rccolistructed .urf~a,
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